Kim et al. describe a novel transistor-like device coupled with CMOS Somas to create bio-inspired neuromorphic modules. Micron-scale composite plaques of carbon nanotubes (nonwoven, semiconductor-type) capped with a polyimide film containing dispersed C60 molecules serve as the gate for these devices. Their paper describes the module design and function, and experimental characterization of their behavior under AE voltage (input) spikes to the gate, which produce postsynaptic currents that lead to output spikes from the CMOS Somas. The Somas outputs show interesting evidence of analog plasticity and memory functions. These low-power devices may be useful for creating neural networks for autonomic control of multifunctional composites.
Greenhalgh et al. describe a comprehensive study of some carbon-epoxy structural (super-) capacitors consisting of carbon fiber layers with glass fiber layer separators embedded in a multifunctional matrixelectrolyte of epoxy mixed with an ionic liquid and Li salt. They have extensive characterization of the resulting microstructures, mechanical (shear and tension) and electrical energy storage properties, and failure mechanisms for a variety of material configurations including CNT-grafting and sizing of the carbon fibers for enhanced electrical activation. Their results show that new failure modes are produced by the matrix additives that significantly degrade the strength, and they conclude that further study is needed to achieve viable multifunctional performance capabilities.
Snyder et al. describe a design methodology for structural electrochemical (capacitor) composites that links multifunctional performance and component mass (or volume) to the material, loading, and geometry parameters. In parallel, they have designed, fabricated, and characterized some carbon-epoxy designs with energy storage (capacitance) capabilities to demonstrate their analysis methodology and highlight the key requirements for mass/volume reductions using multifunctional designs.
Antartis et al. have investigated the role of porosity in retention of electrochemical capacity and mechanical durability of composite anodes with a PVDF þ carbon black matrix and graphite or Sn m-scale active particles.
Significant volumetric expansions/contractions can accompany lithiation/delithiation cycling, which leads to large stresses in the active particles that must be accommodated by the matrix. They describe experiments examining the disparate electrochemical and mechanical properties of such composite anodes as a function of porosity and find optimal porosity level for combined EC capacity and mechanical durability.
Roberts et al. describe work characterizing the depolarization behavior of 95/5 and 52/48 lead zirconate titanate (PZT) materials as a function of strain rate (10-1000 s À1 ) using a Split-Hopkinson Bar apparatus. They observe significant strain-rate sensitivity in depolarization of the 52/48 PZT and two distinct depolarization behaviors for the 95/5 PZT (above/ below 50-60 MPa/msec) with little rate sensitivity. PZT materials are being considered for use in composites with the ability to tailor and mitigate shock impacts in various applications. Novel impact damage mitigation functionalities are described, and knowledge of the rate sensitivity of the depolarization process with such materials will be critical for achieving useful multifunctional performance.
Kotov et al. describe the development, processing, and characterization of aramid nano-fibers as a transparent reinforcement phase (up to 95%) for polyacrylic-acid (PAA) thin films. They create a nonwoven aramid nanofiber reinforcement mat using vacuum-assisted flocculation that is infiltrated with the PAA to create transparent composites with mechanical performance capability. Composites with a range of fiber volume fractions are fabricated, and their EM transmission and mechanical properties are characterized.
Qi et al. describe a finite-element study of heat transfer in shape-memory polymers (SMP) with small vascular channels embedded (102 mm ID stainless steel tubes) for better control and response of SMP heating and cooling. They analyzed the effects of channel spacing, composite thickness, and fluid inlet temperature on shape fixing and recovery for a layer with a linear array of channels in the mid-plane. They show that significant improvements in SMP system response are possible and connect the different design parameters with the varied aspects of SMP response. This work provides a useful multifunctional design methodology for two-phase SMP composites.
Hu¨bler et al. study and address some key challenges associated with the integration of shape-memory alloys (SMA) in hybrid composites. When SMA actuators are fully embedded in a composite, strain localization during actuation can large interface stresses leading to debonding, and high composite cure temperatures are typically above the SMA transformation temperature. SMA conditioning prior to fabrication and endpoint clamping can be used to mitigate these effects when certain precautions are observed.
Smith et al. describe inkjet printing patterned thermoplastic microphases between composite precure plies to enhance fracture performance at minimal weight. PMMA or PEG droplets ($0.02% added weight) are printed on carbon fiber-epoxy resin prepreg interfaces prior to curing, and experiments are performed to characterize their effects on opening-and shear-mode fracture and interlaminar shear strengths. Significant improvements are observed in fracture toughness ($2Â) while maintaining interlaminar strength in contrast to other toughening technologies.
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